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ABSTRACT

Introduction: Multidrug resistance remains a major obstacle hindering
successful antimalarial chemotherapy. In the current study, 50% metha-
nol in dichloromethane extract and six compounds from the stem bark of
Zanthoxylum gilletii were explored for their antiplasmodial potential against
three strains of Plasmodium falciparum. Materials and Methods: The ex-
tract was obtained by cold percolation using 50 % MeOH in CH,CI, and
the antiplasmodial activities were assayed using a non-radioactive Malaria
SYBR Green | assay to determine a concentration that inhibits growth of
50% of parasites in culture (IC,). Results and Discussion: Chromato-
graphic separation of the crude extract yielded six known compounds
including: one lignan, sesamin (1), an alkamide, fagaramide (2), three benzo
[c] phenanthridine alkaloids, 8-acetonyldihydrochelerythrine (3), dihydro-
chelerythine (4), norchelerythrine (6) and one pentacyclic triterpenoid,
lupeol (6). The extract and sesamin (1) showed promising antiplasmodial
activities against the chloroquine resistant (W2), chloroquine sensitive (D6)
and 3D7 strains of P falciparum, with IC; values of 2.52, 1.48 and 1.43 pg/mL
and 5.4, 9.1 and 8.3 uM, respectively. To the best of our knowledge, this is
the first report on antiplasmodial activities of the stem bark extract (50%

INTRODUCTION

Malaria is a parasitic disease affecting approximately 350-500 million
people worldwide with 1.1 million deaths yearly. In many parts of the
world the parasites have developed resistance to a number of anti-
malarials including the most widely used malaria treatment; chloroquine
and its derivatives, and the current drugs of choice, artemisin and
combinations. This therefore calls for urgent need to search for newer
antimalarial principles, ideally with different modes of action to curb the
resistance problem. Plants commonly used in traditional medicine are
good candidates as sources of active anti-malarial principles.! In Kenyan
traditional medicine, plants belonging to the genus Zanthoxylum are
extensively used to manage a number of ailments including malaria.

Zanthoxylum (Rutaceae) with approximately 250 species, grows as
shrubs or trees and are distributed in the tropics, sub tropics and the
temperate regions of the world.? Kenya is endowed with seven species
found in moist or dry forests, or in the thickets near the sea. These
include: Z. holstzianum (Engl.) Waterman, Z. usamarense (Engl.)
Kokwaro, Z. chalybeum (Engl.) var, chalybeum, Z. gilletii (De wild) P.G.
Waterman, Z. mildbraedii (Engl.) P.G. Waterman, Z. paracantum (Mildbr)
Kokwaro and Z. rubescens Planch. Ex Hook.f.* There are several tra-
ditional uses reported from members of the genus Zanthoxylum. Some
have even served as raw materials in pharmaceutical and cosmetic practice.
In Africa members of the family Rubiaceae including Zanthoxylum
species have been used for the management of malaria in different
countries.® Furthermore, the leaves and the root bark of Zanthoxylum
species have been used for the treatment of various diseases including:
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MeOH in CH,Cl) and compound 1-3 and 6. Furthermore, three of the
isolated compounds; 1, 3, 6 are reported from this species for the first

time. Conclusion: The good antiplasmodial activities exhibited by the stem
bark of Z gilletii against three different strains of P falciparum may be
attributed to the presence of 1-3 exhibiting good activities against all
strains of P falciparum.
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for the treatment of stomachaches, toothaches, coughs, urinary infections
rheumatism, leprous ulcerations and venereal diseases.> Previous scientific
research has shown that plants belonging to the genus Zanthoxylum
have good bioactivities including: larvicidal, analgesics, anthelminthic,
anti-viral, antioxidant anti—fungal, anti—biotic, anti-inflammatory and
cytotoxicity.>”1° Z. gilletii is a valued forest tree that grows naturally,
but is commercially planted in Western Kenya for timber and medicinal
properties.!! The Luhya community that is a major habitat of this re-
gion, and populations in Mont Koupé region in Cameroun, use the
stem bark of this plant in traditional anti-malarial preparations.'>'*
Previous studies have revealed that different part of Zanthoxylum
species used in Kenyan traditional medicine exhibited anti-plasmodi-
al activities similar to those of Z. gilletii. For example, the methanol
extracts of the leaves of Z. chalybeum showed anti-plasmodial activities
with an EC, value of 8.10 (5.89-11.12) pg/ml, which was more poten-
than the positive control, chloroquine diphosphate, with an EC, value
of 25.33 (17.07-37.60) pug/ml." In earlier studies, the water and methanol
extracts of the root bark of Z. chalybeum exhibited interesting anti-
plasmodial activities against both the choroquine sensitive and resistant
strains of Plasmodium falciparum, with IC, values of < 6 ug/mL. These
results are consistent with results observed for the methanol extract of
the stem bark of Z. gilletii.'®"" In a separate study, the water extract of
the stem bark of Z. usambarensis which is commonly used in Kenyan
traditional medicine, exhibited good anti-plasmodial activities against P,
knowlesi with an IC_ value of 6.04 £ 0.11 pg/ml." Similarly, the metha-
nol extract of the stem bark of this plant was more potent, with IC,
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values < 6 ng/ml compared with the aqueous extract which showed IC,
values between 6 and 15 pg/ml against both chloroquine—sensitive and
resistant P. falciparum isolates.'” Furthermore, the stem bark extracts
have shown interesting vitro anti-plasmodial activities in previous studies
exhibiting IC, >5 pg/mL.>!

The consistencies in anti-plasmodial activities of these extracts from
different Zanthoxylum species may be attributed to the presence of similar
phytochemical profiles in different parts of these plants. The bark of
Z. gilletii are also used to manage stomachache, joint pain, toothache,
fever, rheumatism, venereal infections and for washing wounds." Various
phytochemical studies carried out on some Zanthoxylum species have
revealed the presence of alkaloids of various skeletal types including:
benzophenanthridine,”* protoberberine,” bishordeninyl,”” aporphine**
amides,*** coumarins,****** lignans***as common secondary metabolites
which also have chemotaxonomic importance to the genus. Metabolites
such as flavonoids,****** sterols and terpenes have also been isolated from
plants from this genus.*>? Other isolated included: volatile oils, vanillic
acid and hydroxyl benzoic acid.***! These compounds are most probably
responsible for the activities of plants in this genus.

In our continued search for biologically active anti-plasmodial com-
pounds from Kenyan medicinal plants, we report the isolation of six
known compounds from the 50% MeOH in CH,Cl, extract of the stem
bark of Z. gilletii together with their anti-plasmodial activities.

MATERIALS AND METHODS

General Experimental Procedures

Merck silica gel 60 (70-230 mesh) and Sephadex LH-20 were used as
stationary phases for column chromatography (CC). Preparative thin
layer chromatography (PTLC) (1.0 mm, 20 x 20 cm) were prepared using
Merck silica gel 60 (PF,, . ); factory made analytical aluminium TLC
plates (silica gel 60 F,;, Merck) were used to monitor the purity of the
isolates by visualizing the spots under UV light at 254 or 366 nm for
UV active compounds, followed by placing the plate in an iodine tank
and spraying with Dragendorff’s reagent for both the non-UV active
and alkaloid compound tests, respectively. The 'H and *C NMR spectra
were recorded using Varian-Mercury 200 MHz and Bruker-Avance 500
and 600 MHz spectrometers. The Homo Nuclear Correlation Spectros-
copy (COSY), Hetero Nuclear Single Quantum Coherence (HSQC) and
Hetero nuclear Multiple Bond Connectivity (HMBC) spectra were
obtained using standard Bruker software. Chemical shifts were measured
in ppm relative to the internal standard tetramethylsilane (TMS). The
major solvents used for chromatography were n-hexane (n-CH,),

dichloromethane (CH,Cl,), ethyl acetate (EtOAc) and methanol (MeOH).

Plant material

The stem bark of Zanthoxylum gilletii was collected from Kakamega
Forest, a tropical rainforest in Western Kenya (approx. 60 km from
Kisumu city) in February, 2014. The plant was identified by Mr. Patrick
Mutiso, a technologist, at the University of Nairobi Herbarium, School of
Biological Sciences, where a voucher specimen (Masinde—-010/2014/09)
is deposited.

Extraction and isolation

The stem bark of Zanthoxylum gilletii (3.8 kg) was air dried under
shade, pulverized into fine powder using a Willy mill at the Department
of Chemistry, University of Nairobi. The ground plant material were
then exhaustively extracted by soaking in a mixture of 3 litres of MeOH
and 3 litres of CH,Cl, for a period of 72 h at room temperature and then
filtering. The filtrate was concentrated in vacuo using rotary evaporator
and combined to give a yellowish and partly oily extract (7.8% of the
pulverized material). The extract obtained using 50% MeOH in CH,CI,
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(100 g) was adsorbed onto an equal amount of silica gel (100 g) and
loaded onto 500 g of silica gel column packed under 100% n-C H,,. The
column was eluted serially with solvent systems of increasing polarity,
initially with 2 % EtOAc in n-CH,, and subsequently with increasing
amounts of EtOAc upto 100%. A total of 160 fractions (200 ml each)
were collected, concentrated in vacuo in a rotatory evaporator and their
compound profiles monitored using analytical TLC plates. Similar fractions
were combined, eventually giving a total of fourteen fractions. Lupeol
(6, 1.4 g) was isolated as white crystalline powder, [mp 214-215 °C
(Lit. (212-214 °C); [[7], +20.4° (¢ = 0.56, CH,Cl,), Lit. [[1]*) +25.7
(c 0.70 in CHCL,,),” from the fractions of the main column eluted with
2% EtOAcin n—CH,,, while the fractions of the main column eluted
with 3% EtOAcin n—C H,, crystallized in the conical flask. The crystals
were filtered out in vacuo using a Buchner funnel and washed severally
using 90% CH,Cl, in n~C H,, and dried in open air, yielding only 20 mg
of dihydrochelerythrine (4). The fractions of the major column eluted
with 4% EtOAcin n-CH , were combined, solvent removed in vacuo
using a rotatory evaporator and re-crystallized using 60% CH,CI, in
n—C.H,, resulting to off-white amorphous solids of the lignin, sesamin
(1, 2 g) [mp 120-121 °C (Lit. (122-123 °C); [[1],+27.6° (¢ = 0.56,
CH,CL), Lit. [[1],+66.4° (¢ 2 in CHCI,).* The mother liquor was re-
crystallized from 80% CH,Cl, in n—~C H,,, filtered and dried yielding,
8—acetonyldihydrochelerythrine (3, 25 mg). The fractions of the main
column eluted with 5-8% were combined and solvent removed in vacuo
with a rotatory evaporator and loaded onto a Sephadex LH 20 column
leading to isolation of white amorphous solids of norchelerythrine (5, 15
mg) and an aromatic amide, fagaramide (2, 3g)

In vitro anti-plasmodial assay

The extracts and compounds were assayed using a non-radioactive
Malaria SYBR Green I assay technique® to determine a concentration
that inhibits growth of 50% of parasites in culture (IC, ). In this method,
three different Plasmodium falciparum strains vis chloroquine sensitive
Sierra Leone I (D6), chloroquine sensitive 3D7 and chloroquine-resistant
Indochina I (W2), were grown as described by Trager and Jensen
(1976);>° with minor modifications.”” Drugs, extracts and compounds
were dissolved in 99.5% dimethylsulfoxide (DMSO) (Sigma-Aldrich)
and diluted in complete Roswell Park Memorial Institute 1640 series
of Cell Culture Media (RPMI 1640) enriched with human serum. The
RPMI 1640 medium was prepared accordingly as described by Akala
et al. (2011).%® Briefly, the basic culture medium was prepared from RPMI
1640 powder (10.4 g; Invitrogen, Inc. augmented with 2 g glucose (Sigma
Inc.) and 5.95 g of HEPES (Sigma Inc.), dissolved to homogeneity in 1 L
of de-ionized water and sterilized with a 0.2 pM filter. Complete RPMI
1640 media, used for all parasite culture and drug dilutions, consisted
of basic RPMI 1640 media with 10% (v/v) human ABO pooled plasma,
3.2% (v/v) sodium bicarbonate (Thermo Fisher Scientific Inc.) and 4 pg/mL
hypoxanthine (Sigma Inc.). Drug preparation entailed two-fold serial
dilutions of chloroquine (1.953-1000 ng/mL), mefloquine (0.488-250
ng/mL) and test sample (97.7-50,000 ng/mL) were prepared on a 96—
well plate, such that the final proportion of DMSO was equal to or
less than 0.0875%. The culture-adapted Plasmodium falciparum at 2%
hematocrit and 1% parasitemia, were then added on to the plate containing
dose range of drugs and incubated in a gas mixture (5% CO,, 5% O,, and
90% N,) at 37 °C. The assay was terminated 72 h later by freezing at —80
°C and parasite growth inhibition was quantified as described by John-
son et al. (2007)* and the results presented as mean IC_ + SD.

RESULTS AND DISCUSSION

Structure elucidation

In search for more effective antimalarial principles from Kenyan ethno-
medicinal flora, chromatographic separation of the crude extract of stem
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Table 1: In-vitro IC, values of the crude extract and compounds from Z. gilletii against W2, D6 and 3D7 strains of P. falcipurum

Samples Tested

IC,;in pg/ml (uM)
W2 strain (CQ resistant) D6 (CQ sensitive) 3D7 (Chloroquine sensitive)
Stem bark extract (50% MeOH in CH,Cl,) 2.52 +0.4 1.48 £ 0.3 1.43 +0.2
Sesamine (1) 1.92 £ 0.5 (5.4) 3.23+£0.7 (9.1) 2.94 £ 0.6 (8.3)

Fagaramide (2) 15.15 + 1.1 (61.3)

4.02 +.7(9.92)

7.73 + 1.5 (31.3)
4.06 + .9 (10.0)

7.72 £ 0.9 (31.2)

8-Acetonyldihydrochelerythrine (3) 3.37 £1.0 (8.31)

Lupeol (6) 32.95+8.1(77.3) - 4.52 + 1.7 (99.7)
Chloroquine 0.04 £ 0.02 0.001 + 0.0001 0.004 + 0.002
Mefloquine 0.001 + 0.0005 - 0.01 +0.001
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Figure 1: Compounds 1-6 from Zanthoxylum gilletii.
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bark of Z. gilletii was obtained using 50% MeOH in CH,CL,. This led to
the isolation of one lignan; sesamin (1),>?* an amide; fagaramide (2),”
three benzophenanthridine alkaloids; 8-acetonyldihydrochelerythrine
(3),!106063 dihydrochelerythine (4),'>* norchelerythrine (5)* and one
terpenoid; lupeol (6).©¢” Three of the compounds; 1, 3, 6 are reported for
the first time from this species. The structures of these compounds were
identified using UV, MS, ID and 2D NMR spectroscopy and supported
by literature values. Sesamin (1), fagaramide (2) 8-acetonyldihydroche-
lerythrine (3) and lupeol (6) were isolated in sufficient amounts to be
investigated for in vitro antimalarial potencies.

Bioactivity results

The crude and some pure compounds obtained from the stem bark of
Zanthoxylum gilletii were tested for their antiplasmodial activities. From
the criteria of evaluation of in vitro anti-plasmodial activities of natural
products, pure compounds are considered to be inactive when they
exhibit an IC_>200 uM, low activity from 100-200 uM, moderate activity
from 20-100 uM, good activity from 1-20 uM and excellent/potent
anti-plasmodial activity <1 pM.® Similarly, crude extract activities are
categorized as having good activity when they show an IC_ <10 pg/mL;
moderate activity from 10-50 pg/mL; low activity from 50-100 ug/mL
and inactive >100 pg/mL.®

From the above evaluation criteria the MeOH in CH,CI, (1:1) extract
of the stem bark of Z. gilletii showed good antiplasmodial activities
against the chloroquine resistant (W2), chloroquine sensitive (D6) and
3D7 strains of P. falciparum, with IC_| values of 2.52, 1.48 and 1.43 pg/ml,
respectively. The compounds tested showed good to moderate anti-
plasmodial activities with the lignan, sesamin (1) exhibiting the high-
est activities with IC_ values of 5.4, 9.1 and 8.3 uM against W2, D6 and
3D7 strains of P. falciparum. Lignans, synthesized in nature by oxidative
dimerization of various phenylpropanoid, are known to have diverse bi-
ological activity profiles.”””" These include: antitumor, antimitotic, anti-
viral, antimicrobial, antinociceptive antiulcerogenic activities, inhibition
of certain enzymes, and carrageenan induced edema in mice.””” Earlier
studies have revealed the antiplasmodial potential of different classes
of lignans including: furfuran against the chloroquine-resistant P. fal-
ciparum’® and aryltetralone against P. berghei.”” Other classes of lignans
including: tetrahydrofuran lignans, neolignans, dibenzylbutanelignan
and a coumarinolignan also demonstrated varying degrees of antimalarial
activities against mainly P. falciparum with tetrahydrofuran-type sesqui-
lignans revealing significant activities.”**> Compound 3 was also active
against the three strains of the malaria parasite tested with IC_ value of
9.92, 10.0 and 8.31 puM against W2, D6 and 3D7 strains, respectively.
Fagaramide (2) showed moderate activity with IC, values of 31.3 and
31.2 uM against D6 and 3D7 but less active against W2 strain of
P. falciparum with IC_ value of 61.3 uM. Surprisingly, lupeol (6) exhibited
incomparable IC, values of 77.3 uM against W2 and 9.96 against 3D7
strain. The antiplasmodial potency of 2 is consistent with those exhibited
by similar alkamides from the leaves of Z. syncarpum (the racemic form
of the syncarpamide), which showed good antiplasmodial activity, with
IC,, values of 4.2 and 6.1 uM against D6 and W2 strains of P. falciparum,
respectively.” Surprisingly, lupeol (6) exhibited incomparable IC_ values
of 32.95 against W2 and 4.25 pM against 3D7 strain (Table 1).

CONCLUSION

To the best of our knowledge, this is the first report on antiplasmodial
activities of the stem bark extract (50% MeOH in CH,CI,) and com-
pounds 1-3 and 6. Furthermore, three of the isolated compounds; 1, 3,
6 are reported here for the first time from this species. The good anti-
plasmodial activities exhibited by the stem bark of Z. gilletii against three
different strains of P, falciparum may validate its traditional use to manage
malaria and related ailments. The pharmacological properties of the stem
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bark of this plant may be attributed to the presence of the lignan; sesamin
(1), an alkamide; fagaramide (2) and a benzophenanthridine alkaloid;
8-acetonyldihydrochelerythrine (3) which exhibited good activities
against all strains of P, falciparum. The compounds from this plant should
be re-isolated in order to carry out structure activity relationship studies
of compounds 3, 4 and 5 with similar skeletal structures and substitu-
tion pattern except for the presence of a keto group attached to a methyl
group in 3 speculated to be responsible for activity. Furthermore, related
alkaloids from Z. monophyllum displayed strong antibacterial activities
against both the drug sensitive Aspergillus fumigatus and methicillin—
resistant Staphylococcus aureus (MRSA).® the alkaloids isolated from
Z. gilletii should also be subjected to antimicrobial activities against the
two strains of bacteria to determine their antimicrobial potential.
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SUMMARY

e The stem bark of Zanthoxylum gilletii showed good antiplasmodial activi-
ties with IC,, values < 2.52 M

e Sesamin and 8-acetonyldihydrochelerythrine showed the highest anti-
plasmodial activities with IC,, values < 4.06 uM

e Six compounds were isolated from the stem bark of Z. gilletii

e Sesamin, 8-acetonyldihydrochelerythrine and lupeol are reported here for
the first time from this species
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